Introduction
There has been a massive paradigm shift in investigatory tools at present. A greater surge of interest in soft tissue analysis, real time imaging and functional recordings to enhance our understanding of the complexity of the biological system is underway; with high emphasis on non-invasiveness and cost effectiveness. Current studies are looking at the possibilities of using non-ionizing alternatives to derive the required parameters to diagnose, treatment plan and evaluate the orthodontic case. This is in stark contrast to some decades ago where static hard tissue investigations were considered gold standard. This chapter will explore the different investigations traditionally used for Orthodontic treatment planning and evaluation of treatment objectives. Since the introduction of lateral cephalometrics in 1931 by Broadbent and Hoffrath this 2 dimensional investigation has been considered the ultimate. However, it has several key limitations -radiation exposure particularly for growing children, 2 dimensional representation of a 3 dimensional living body with static image output. The need to provide a more holistic view to the case assessment with new investigatory tools like 3D imaging, ultrasonography, video recordings and EMG are perhaps the way for the future to assess growing living functioning body. At the time of writing there is a wide array of imaging technology with innovative developments occurring at a phenomenal pace. Nearly every time one searches the world wide web something new is presented. The new hype-3D video softwares are considered to be the next big thing 1 . The imaging industry finds wide application in defence, architecture, resource industries and general entertainment. In the medical field, it has immense application for diagnosis and potential to generate understanding not previously possible with 2D investigations. The classic examples are MRI and CT scans [2] [3] [4] [5] [6] . In orthodontics, the focus is more based on the external features and soft tissues and 3D reproductions are invaluable not only for diagnosis in general medical scenarios, but more so for treatment evaluation and long-term growth changes. However, the majority of published work tends to come from Japan followed by European and USA researchers [7] [8] [9] . In this chapter a brief historical background of the different imaging techniques namely Lateral cephalometrics, sEMG, Ultrasonography & 3D imaging as used in contemporary investigations along with important findings from recent studies from author's research involving such technology are discussed.
Lateral cephalometrics
Lateral cephalometric techniques have dominated in mainstream orthodontic, orthognathic and dentofacial growth studies for over seven decades. It is considered a versatile tool and has served the profession well since it was first introduced in 1931 by Broadbent 10 . Cephalograms have improved our understanding of growth through seminal research 11, 12 . It is an important diagnostic tool utilized extensively in orthodontics. Recent literature search brought out 28,200 items related to "lateral cephalometrics in Orthodontics" while a similar search on PubMed found 808 documents on related topics. This highlights the volume of work done in the field. There are two major limitations with cephalometrics; primarily, the additive radiation dosage of progressive films and, secondly, it is a two dimensional representation of the three dimensional craniofacial region. Moreover, the validity of cephalometric analyses has been questioned 13 and there have been concerns about the application of such simple analyses in diagnosis and treatment planning. Errors generally are attributed to orientation, geometry and association. A meta-analysis was conducted on six studies for random and systematic error along with repeatability and reproducibility 14 with good repeatability found for limited landmarks namely menton (Me) posterior nasal spine (PNS) anterior nasal spine (ANS) sella (S) pterygomaxillary fissure(Ptm) point A deepest point on the anterior maxillary margin (A) and point B deepest point on the anterior symphysis region of the mandible(B). A number of computer software sites such as the Dolphin ® (Los Angeles CA, USA), Mona Lisa ® (Tidbinbilla, Canberra, Australia) ( Fig.2 ) etc. are available to analyse the lateral cephalogram with multiple analyses at a click or a mouse scroll. However, the computer analyses have also been criticized for error through loss of contrast, related to pixel size and poor calibration. Overall, the trained eye can effectively trace and resolve finer details up to 0.1mm or smaller 15 as compared to 2.48mm accuracy recorded from Active Appearance Models (AAM) which is a computer program designed to locate landmarks 16 . Such technology needs refinement with mathematical model in order to provide a higher level of accuracy and reproducibility with work in progress by most of the softwares. Furthermore, the lateral cephalogram has been supplemented with other radiographic conventional images such as panoramic radiography, periapicals, and hand wrist films. The later is now being replaced by the cervical maturation index (CMI) which can be derived from standard lateral cephalograms reinforcing the trend towards minimizing radiation exposure in growing individuals. There is a galaxy of analyses to choose from. One needs to be mindful of the analyses being a composite of several unique dimensions often with a signature eponym. So it is imperative to choose specific dimensions of relevance to the study at hand. Prudent selection of analysis proves to be time efficient. Figure 1 depicts the basic linear, angular and proportional analysis for majority of diagnostic features commonly required for treatment planning in Orthodontics. The common range and standard deviations for the different variables from a recent study are given in Table 1 . These reflect the general spread for the variables elicited in Fig.1 ( part of the research project of Dr S Naser-ud-Din for the fulfillment of PhD University of Adelaide 2009) 18 . 
sEMG (surface Electro Myo Graphy)
Our understanding of the neurophysiology of the muscles of mastication has increased substantially in the past 60 years. With the introduction of electrophysiological tools in the 1950's 19 , an array of experimental protocols have become available around the globe. Although, the majority of studies have used animal models due to the invasiveness of the procedures, results from such studies still provide valuable data that is extrapolated into humans. The earliest EMG studies reported on muscles of mastication during basic mandibular movements were from Carlsöö(1952), Göpfert & Göpfert (1955) in Moller ( Moller 1966 20 . These preliminary studies improved our fundamental understanding of the complex masticatory system. Other work of historical interest is from Perry & Ahlgren 21, 22 . EMG registers signals of muscle contractility through action potentials delivered by the motoneurones. Highly refined bipolar surface electrodes are sensitive to these electrical signals and, once amplified, are visible as the EMG recordings. In the human model, indirect methods are employed and are preferably, non-invasive. Surface electromyography (sEMG) is a tool that is used extensively to explore the neural circuitry. Although, it has its limitations (discussed later) is overall considered user-friendly, non-invasive and has extensive applications in neurophysiology.
Development of sEMG devices
The first chewing apparatus was described by Moller in 1966 20 . It was a landmark achievement in which bipolar recordings could be saved on photographic oscilloscopes rather than printed by inkwriters. Therefore, several experiments were designed to enhance our understanding of muscle activity during chewing, postural activities, full effort clenching, swallowing patterns and even facial morphology. This innovative apparatus only required an EMG recorder with electrodes. The electrical activity was recorded on three channels. Although, an advanced methodology for its time, Moller's apparatus had the serious limitation of un-standardized positioning of the subject. This produced a lack of reproducibility, albeit the reproducibility factor poses a challenge even with contemporary advancements. Other methodological issues arose from interference from neighbouring potentials, rejection of common voltage, distortion of amplitude and uneven distribution of electrical activity 20 . Over time, several global studies have been conducted which have improved designs and chewing devices 23, 24 leading to an enhanced understanding of the reflexes in the oro-facial regions. The periodontal-masseteric reflex was first described by Goldberg 1971 25 highlighting the importance of not only PMR but also the role of the masseter muscle and central connections, due to the short latency. This study concluded that there was a central connection located in the mesencephalic nucleus that was responsible for the excitatory masseteric reflex evoked by PMR and gingival receptors. One can appreciate that, even with a very simplistic methodology and manual tapping of the teeth, Goldberg was able to deduce these important findings.
EMG studies and significance in orthodontics
Work in this field has resulted in few conclusive findings. A canonical correlation analysis between facial morphology, age, gender and EMG during rest and contraction has not found a statistically significant correlation 26 . EMG and bite force have been studied extensively 20, 27, 28 with consistent findings of reduced force levels in dolichofacial patterns. Different vertical facial types, both in adults and children, produce differences in EMG responses recorded over the course of a day 29 . Masseter muscle EMG activity was found to be consistently longer in short vertical dimension facial types as compared to high mandibular plane angle individuals. The variables of bite force, muscle efficiency and mechanical advantage in children with vertical growth patterns 30 were negatively correlated with muscle efficiency and vertical proportions. Morimitsu et al. documented recordings of EMG from masseter muscles which showed positive correlations with linear cephalometric measurements; particularly, the muscle activity was significantly related to mandibular dimensions such as (Co-Go) and body length (Go-Me) 31 . In fact, the muscle activity increased with decrease in vertical proportions such as mandibular plane angle. Furthermore, they compared the muscle activities with anterior-posterior skeletal base relationships indicated by Sella Nasion Point A (SNA) and Sella Nasion Point B (SNB) variables. Morimitsu et al. strongly advocated the use of EMG for examining masticatory activity, but one could argue that the reproducibility with electrode placement at subsequent visits may prove to be a challenge 32 . A comprehensive study by Tuxen et al. 33 compared masseter muscle fibre types along with function from EMG and facial morphology. They concluded that even with intensive analysis of different dimensions, linear regression analyses failed to show any significant association highlighting, once again, the complexity of the craniofacial region.
Muscle spindle reflexes are stronger in short face height individuals 17, 34 which may explain the phenomenon with bruxism and brachyfacial tendency. Moreover, this information may translate into better designs for splints and Orthodontic appliances. A recent publication 35 has utilized EMG to analyse masseter muscle differences in individuals who brux in their sleep. The authors believe their system can help diagnose different types of bruxism and is aptly termed the innovative bruxism analysing system. Once again, the literature supports the use of sEMG as a useful mode of investigation.
Limitations & methodological issues
EMG has provided insight into the neuromuscular system but there are inherent limitations which must be minimized in order to derive meaningful data. This has been reviewed thoroughly 36 . EMG accuracy may be enhanced by the use of intramuscular electrodes compared with sEMG electrodes. However, sEMG electrodes with built-in amplifiers can assist in reducing cross-talk and movement artifact. Passive surface electrodes require skin preparation and monitoring of resistance below 10Ω for clear data recording. Contemporary sEMG involves the use of bipolar electrodes, which suppress noise. The amplification should counter distortion, preferably 10 x higher than the electrode-to-skin electrical resistance. The filter level is dependent upon skin thickness and the frequencies recorded. It should not eliminate any of the frequencies within the range of recording and the choice lies between upper (high-cut or low pass) and lower (low-cut or high pass). In addition, the quality of data production is dependent on the recording and display devices, the sophistication of the computer programs to reliably identify the initiation of muscle activity, the type of ground used, and obviating the use of long leads which contribute to noise and, therefore, contamination of the data. Several different types of ground have been utilized in human studies such as forehead, wrist, elbow, ear lobe and lip clips. Currently the ear lobe is selected due to ease of placement and distance from the experiment site (Fig 3) . Minimizing artifacts is essential for clear data recording and minimizing movements from adjacent muscles is very helpful. In the study by author 34 , the customized nose rest and the head halo provided stabilization during the chewing and static phases of the experiments (Fig. 3 ). Cross-talk is a phenomenon commonly experienced in sEMG recordings where adjacent muscle activity leads to electrical volume added to the data. Cross-talk can be minimized by standardizing the experimental conditions. Moreover, double deferential techniques can also assist in eliminating cross-talk [37] [38] [39] [40] [41] [42] [43] . This is the prime cause of criticism in telemetry sEMG recording where cross-talk and noise can compromise the results 44 .
Finally, correct processing of the data is essential and custom-made software programs are routinely used. IZZY ® 45 , in Fig. 4 provides an array of systematic offline analysis which allows the data from sEMG to be full wave rectified and further processed as CUSUM (Cumulative Sum). Normalization (Fig.5 ) is a standardization process for data acquisition which allows comparison between different subjects and with the same subject data on different occasions. It means normalizing sEMG levels to the percentage of an individual subject's MVC (maximum voluntary contraction) for each muscle group, hence reducing the variability between records. 
US (Ultra Sonography)
Ultrasonography is developing rapidly as the mainstream investigatory tool. Ultrasonography (US), as the name implies, utilizes sound waves within the frequency of 2-18MHz that bounce off the tissue to provide the depth and density of the image conventionally captured on the screen as a real time image. It was developed for medical use in the 1940's with parallel developments across the Atlantic in the USA and Sweden. It has since been widely accepted as the safest investigating tool and is applied widely in obstetrics. However, it has applications across several medical disciplines including physiotherapy therapeutic outcomes for muscular-skeletal conditions. It is now easily available infact handheld devices which are easy to use and with higher resolution are making way into the clinical set ups and for field work. The 3D graphics along with real time color coding will indeed provide greater understanding and acceptance in the future to evaluate functioning muscles. There has been a major paradigm shift with realization that form and function are inextricably intertwined in Orthodontics. Our understanding of the hard tissue relationship has been comprehensive, with extensive clinical trials both cross sectional and longitudinal over the past several decades. The majority of studies have used
www.intechopen.com standardized cephalograms that reflect our current concepts. However, the same cannot be stated for soft tissues and, more specifically, the muscles that envelope the skeletal bases. Hence, the interest with non-invasive soft tissue real time evaluation with US. The hypothesis was that if such a simple non-invasive investigation can provide diagnostic data then it would obviate the need for radiation investigations, in particular for randomized controlled clinical trials (RCCT) that are currently considered the highest caliber of evidence based literature. Such study designs require several radiographs which are difficult to justify ethically. Hence, non-invasive US could prove vital for long term studies. US is advancing from 2D to 3D imaging whereby a series of 2D images are collated and rendered into 3D. The main limitation is cost as it needs a specialized probe and the image acquisition speed is relatively slow, especially in moving tissues such as contracting muscles. Further advances with colour Doppler technology are of value for imaging tortuous vessels. Generally speaking, conventional US serves well and is good for imaging muscles and soft tissues, but has poor acoustic impedance for bone. Muscles of mastication have been studied extensively with US which has been considered to be a valuable, precise technique for analysing muscle shapes [46] [47] [48] [49] . Furthermore, US is superior to radiographs for soft tissue evaluation and definitely overcomes the radiation hazards. The surface topography for the masseter muscle is excellent due to its superficial anatomical position Fig. 6 &7) ; however, the volume and cross-section assessments have been difficult 50 . Hence, the present study sought to evaluate these dimensions with a simplified approach and using arithmetical formulas 51 . A comprehensive meta analysis was recently presented by Serra in 2008 50 which reported masseter muscle thickness in contraction to range from 5-14.1mm 52, 53 . One could argue that this wide variation would be due to racial or ethnic diversity not to mention the time of recording be the muscle relaxed or tensed in contraction. US has recorded thickness variations in masseter muscle contraction and relaxation 49 during function which would otherwise have been impossible with snap exposure type investigations. US has been extended to determine association between several variables such as the masticatory muscle thickness, TMD and bite forces 54 . The study found a positive correlation between masseter muscle thickness and posterior facial dimensions. The study concluded that muscle thickness is related to vertical facial dimensions and bite force. Previous studies have had similar findings in large samples where not only negative relations between muscle thickness and anterior facial heights and mandibular lengths were noted but positive relationships existed with intergonial width and bizygomatic facial width according to anthropometric measurements 55, 56 . Likewise, a Swedish study consistently found a relationship between thin masseter and longer faces in females 57 . This study found US to be a reliable and accurate method for muscle assessment. Hatch and associates have clearly indicated the importance of multivariate analyses of the masticatory system for comprehensive diagnosis in dentistry 58 . They went so far as to include blood glucose levels along with bite force and cross-sectional area of the masseter muscle.
Overall, US has been documented as a reproducible and reliable investigating tool for masseter muscle assessment 59, 60 and could produce useful, non-radiological information to enhance orthodontic practice. www.intechopen.com
3D imaging
3D imaging has come a long way in the last 20 years, particularly since its introduction six decades ago [Thalmann-Degen 1944] 61 . Primarily developed for application in industry 62 as an effective and non-invasive method, it quickly found its way into clinical applications, particularly in orthodontics 63 and oral surgery. 3D applications in restorative dentistry with the Cerec technique and CAD-CAM are already in main stream clinical application and boast high accuracy at the level of 70 microns 64 . Scanning of comparably smaller dimensions of hard surfaces with accurate reproduction has evolved over the past few years 7 . A similar level of precision is desired for facial soft tissue imaging. It's only a matter of time and refinement of technology until 3D imaging becomes a routine part of private orthodontic practice 65 70 ) followed by a probe to record 3D coordinates 55 . Imaging is sensitive to the surface acquisition and sufficient data are required to appreciate the subtle changes that occur in soft tissues over a period of time.
There are various types of imaging techniques ranging from stereo photogrammetry, to 3D laser scanning, vision-based scans like Moiré tomography along with the latest, safest and most cost-effective structured light 3D imaging 9 . Innovative approaches are under way to integrate the conventional lateral cephalogram with stereo photogrammetry and digital fusion. It is claimed that such techniques will obliterate errors through image sensors and 3D orientation 71 . Structured light creates a superficial shell-like reproduction of the face enabling the digitized topology of the face to be displayed in 3D without any ionizing radiation 71 . It is a simple and cost effective method of generating three-dimensional images with minimal time required for exposure, usually within one second. The structured light (SL) technique provides reasonable accuracy when following certain protocols such as the exposure should be frontal with deviations of up to +/-15° only because with increasing profile view there is proportionally reduced accuracy. Linear measurements can be erroneous up to 1mm and if that is acceptable to the operator and duly accounted for it should not be of much concern. Likewise, the smaller inter-distance between the two cameras creates a limited field of view leading to diminished accuracy in zcoordinate measurements 72 . Overall, SL is considered a simple, cost effective and readily applied 3D imaging system 73 .
It is based on stereoimaging and triangulation to produce a 3D image. From a light grid or pattern which is usually horizontal Fig.8 . The mean absolute error for linear measurements with SL 3D imaging in the current study was 0.53mm 18, 74, 75 . 3D imaging is valuable in assessing the growth changes in soft tissues over time, because previous investigating methods were not able to adequately assess soft tissue changes related to growth. A large scale growth study with 3D optical surface scanning 76 found significant changes in the vertical facial dimension with increase in the cross sectional cohort age range 5-10 years old. Moreover, they found a significant increase in dimension in the masseter muscle mass across the age range. Hence, age-related changes can be appreciated and quantified with 3D imaging. Furthermore, a longitudinal study analysing facial www.intechopen.com morphology changes also found similar results with an increase in the vertical dimension being gender dependent with greater significance in males 8 . Similarly, growth changes have been evaluated with 3D facial morphometry and Fourier analyses depicting changes in profile 77 . Another area where 3D imaging is used extensively concerns pre-and post-orthodontic treatment effects on soft tissues. The very controversial and anecdotal references often made regarding functional orthopaedic appliances has been backed with evidence [78] [79] [80] . Yet another highly contentious issue in orthodontics has been the extraction and non-extraction debate, where the treatment decision pendulum keeps swinging by the decade. A study in London 81 used 3D optical surface scans for patients with fixed appliances; one group with extractions and another without. The results were conclusive and laid the age-long controversy to rest with no significant facial soft tissue changes discernable in either study group. Work is underway to fabricate user-friendly analysis methods especially as 3D imaging is relatively contemporary and lacking well-established quantification and comparison techniques. 3D studies conducted with Procrustes analysis have determined the translation of soft tissues in monozygotic and dizygotic twins 70 . Another study has used the Procrustes registration method in conjunction with 3D CT scan and Virtual Reality Modelling Language (VRML) to assess the registration error associated with such techniques and found it to be within +/-1.5mm in most parts 82 . A South Korean study 83 found negligible error of 0.37mm and less than 0.66% magnification with laser scanners. They claim that the soft tissue rendering was highly reliable and reproducible. However, one would argue about the safety of such imaging as the study was not conducted on humans but mannequins.
Unique to anthropometry and 3D imaging is the ability to measure and evaluate the transverse dimensions of the face. Although, a large list of measurements are presented from the frontal aspect in the Farkas textbook 55 for diagnostic purposes one should consider selected ones. Two horizontal planes commonly used for facial widths are the bizygomatic diameter, interzygonion (zy-zy), and mandibular or lower face width, inter-gonion (go-go). Generally, such evaluations assist in picking up asymmetry greater than 2mm 84 . These dimensions form indices for facial proportions. Thus, the Facial Index was calculated with horizontal (zy-zy) as a percentage of vertical from nasion and gnathion (n-gn). Similarly, the (go-go) width is used in the Jaw Index with stomion to gnathion as the lower face proportion (Fig.9 ). The midline landmarks were used for vertical proportions which were Index of lower jaw to facial height and Index of Jaw to facial height. These proportions are related to the lateral cephalogram and the correlations can be beneficial substitutes in progressive evaluation over the course of the treatment. The curvilinear measurements were included because they are more biologically meaningful than straight line representations of complex 3D structures (Fig.10 ). For example, our findings show a significant difference (p < 0.0001) at 95% CI and with a standard error of 0.52 and SD = +/-1.65 for the linear mandibular depth compared to the curvilinear mandibular depth. The mandibular curvilinear arc extended from left tragus to subnasale to right tragus (t-sn-t) and did not have an equivalent linear counterpart 75 . The use of curvilinear measures is gaining application in tooth morphology studies where curvilinear measurements are deemed superior to the conventional linear ones 85, 86 . 3D imaging was used for the superficial soft tissue measurements and transverse indices ( Figs.9-11 ). Once again the findings were similar to past work. Currently, the imaging is still a single capture in time and presents limited insight into the true functional assessment. Even though there are several existing packages available for 3D imaging it has yet to become a routine diagnostic tool. There are several reasons for not having 3D imaging in mainstream clinical set ups. Primarily the cost, followed by not completely realistic imaging which still needs refinement for accurate and life-like reproduction of the face. Also, the data acquired from such analyses needs to be unique and provide information that cannot be generated by other more conventional means. Finally, the product needs to be userfriendly and easy to apply by the clinician or auxiliary staff. Above all, the suggestion that 3D imaging could be a surrogate for lateral cephalograms with predictive correlations obviating the need for serial radiography and radiation exposure, could make it an attractive choice.
www.intechopen.com Author's study has found high correlation of certain lateral cephalometric variables, particularly the vertical ones, with 3D imaging indices. However, before it enters into mainstream clinical practice, the following criteria need to be fulfilled. a. Reliability is considered a composite of repeatability and reproducibility 87 and different 3D imaging techniques have been scrutinized for accuracy and reliability. Kusnoto and Evans 88 used a surface laser scanner (Minolta Vivid 700) to assess various objects ranging from cylinders to cast analyses and facial models. They found accuracy in the range of 1.9 +/-0.8mm for facial imaging which was not as high as for cast analyses 0.2 +/-0.2mm. Hence, one can conclude that the larger the surface to scan and the greater the data acquisition, the higher the error rate with current 3D scans. Likewise, the suggestions for improvement and exploring more user-friendly options in 3D technology have been highlighted in a review article addressing these issues 89 . b. Standardization is equally essential for the translation of the predictive equations across the board with different imaging packages. This has been norm with many software cephalometric packages currently in use and could become an overall package.
c. Cost Effectiveness and ease of accessibility with perhaps even free downloads such as used in this study can enhance its wider applicability. Such off-line computer analyses can provide flexibility and effective access 90 . However, one has to be wary of the quality of such softwares; reproducibility, reliability, accuracy of reproduction and ease of manipulation. Perhaps custom-made software packages specifically tailored to orthodontic case assessment 85, 86 with higher resolution and reproducibility would be welcomed by the profession. Overall such endeavour will aid in patient education and serve as a vital teaching tool to students to appreciate subtle changes during treatment and growth. d. Safety Efforts are being made to assess mandibular growth with 3D MRI 91 . However, there is real concern about the justification of such expensive investigations and is often under fire for overuse in certain countries. Clearly, for the conventional orthodontic patient such scans would not be routinely recommended. Multiple investigations used in the past such as CT, MRI and radiographs can be replaced with carefully selected diagnostic and evaluating tools which provide maximum information with minimal hazard along with the added bonus of being cost-effective. The current work has addressed this issue and future investigations should be geared to validate it. Recent work has explored the correlations between anthropometric and cephalometric measurements of vertical profile 92 . The study found nasion and menton to be highly correlated between the two investigation, but landmarks such as subnasale, supradentale and infradentale varied significantly. This could be due to the overlying soft tissue and its variability among individuals. For this particular reason we chose landmarks that would be more closely related to the cephalometric counterparts such as glabella, nasion, gnathion, subnasale, gonion, zygonion, orbitale, tragus and stomion. However, due to difficulties in lateral projections inherent to the Structured Light (SL) technique we consistently had difficulty in locating the tragus. Overall, our best and most highly repeatable landmarks were soft tissue subnasale (y-axis) with Dahlberg's statistic (DS) = 0.009, followed by zygonion (y-axis) DS=0.004, glabella (z-axis) with DS=0.005 and stomion (z-axis) DS=0.01. The above mentioned landmarks provide a reliable array of reference points to include in future 3D assessments. However, the majority of the 3D landmarks were within an acceptable range. Perhaps the repeatability could be enhanced with refined software with greater matrix size and pixel ratio 87 . This would further refine the accuracy of the prediction equations and improve overall reliability. Currently, work is in progress in Liverpool where Brook et al. are evaluating 3D imaging for better assessment of surface contours of teeth 85, 86, 93 . Precision and accuracy with e-tools will improve the way we measure. Thus, more studies will be needed to explore landmark assessment and measurement.
Prediction equations
Predictive equations were developed from multiple linear regressions which were significant 18, 75 . Unfortunately very few variables qualified as the projection from one medium of investigation to the other was diverse, highlighting that each has its own individual data set that is novel and there is very little overlap. However, those that showed somewhat strong correlations were developed with ß-weights which act as constants for a given equation. We used simple methods to produce prediction equations rather than the more resource intensive Besaynian or Monte Carlo factor models with the aim of, decreasing the complexity and making it more clinically applicable. The concept of generating predictive equations from 3D images for lateral cephalometric variable estimation has been presented for the first time. Although, it can be debated that with a small sample size the value of such prediction is questionable, it does set the scene for future work 75 . Compared to the reported Eigenvalues from Benington et al 94 our values were lower. Also their study was the first to document the masseter volume measurements with high technology 3D US scanning. Likewise, the current study by author did measure masseter volume, albeit indirectly, utilizing a simple, portable US unit that could find application in clinical settings 75 . Similarly, when compared with Radsheer 95 , our values were slightly lower but their study included, 121 adults and previous work with 329 subjects aged 7-22 from a Greek population 56 . Our result differences could be attributed to the sample size and also the population from which they are selected. The method error indicated that there were certain landmarks that had reduced repeatability. This may be explained by background noise and lack of clear definition in some scans. Palpation is generally advantageous in precise positioning of soft tissue gonion, but it is considered a difficult point overall to determine even in anthropology 55 . Nasion (n) www.intechopen.com and subnasale (sn) were relatively easily identified on the 3D images. For a better view, the image was rotated upwards by 30°. This is an advantage of the scans because repositioning the live patient can be difficult and sometimes embarrassing. The accuracy and repeatability of 3D Imaging has been documented as exceptional 96 and, as with most recordings, in order to eliminate inter-operator variability all measurements should be made by the same investigator. The angular measurements are dependent on head position and need to be standardized across the sample 55 . Baumrind eloquently stated that the "craniofacial complex system needs to be evaluated from different perspectives as no single view would do justice in its evaluation and future treatment planning" 97 . 3D imaging has extended not only to facial surface analyses but is extending to cephalometry as well 98 . Subtle soft tissue changes have been studied extensively in recent work particularly with pre-and post-treatment outcomes 8, 64, 80, 89, 91, 99, 100 . Similar interest with mandibular growth changes 91 and four-dimensional analyses for the TMD 100 are gaining momentum in diagnostic imaging. A common critique with new imaging techniques has been the reliability which is of concern and can be addressed with the development of self -calibrating measuring systems 64 . New directions in technology will soon be evident with the need to enhance the quality of 3D images with more real-life effect. This would assist in patient education and teaching sessions for dental students. Moreover, programs with substantial mouse manipulation create undue hand and wrist fatigue whereas touch screen options would be ergonomically valuable.
Predictive Equation
Clinical applications of 3D imaging are vast and numerous. From treatment planning to preand post-treatment evaluation, the images can be manipulated from any direction providing in-depth analysis of the case without patient recalls and inconvenience of anthropometry. It is becoming a vital tool in orthognathic surgery planning, patient education, "teleorthodontics" 7 to manage global movement of patients, and where interdisciplinary treatments are sought. It is an effective recording method for various facial asymmetries 96 and severe craniofacial dysostoses, hemifacial microsomias 101 , and where simple photographs have serious limitations. The non-invasive nature of 3-D imaging will make its application widely accepted for sequential evaluation in growing children and on controls for research 96 . However, the idea of obviating lateral cephalograms entirely may not yet be the case because radiographs still provide valuable skeletal and dental information vital for initial treatment planning. Moreover, we do acknowledge the limitations of prediction because as with any prognostic approach, particularly in a biological system, there will be variations. However, a method that can assist the clinician in reducing the number of radiographic investigations would surely be welcomed by the public and profession alike.
Other investigations
a. Genetic profiling Research is ever expanding in this novel frontier and will offer the possibility of diagnosis in Orthodontics. It already is promising in screening individuals with high risk of root resorption 102 . Predictive and presymptomatic testing is already creating a lot of media interest and long term implications with financial issues related to health insurance. Most importantly the possibility of genetic discrimination may occur.
Recent work from Hong Kong is uncovering the genetic etiology of Class III malocclusion 103, 104 . The genetic profiling is evolving and has to be refined to be reliable. Incomplete penetrance of the genetic code may prove challenging when considering probable malocclusion in the offspring. However, some conditions that have had high genetic predisposition e.g Class III skeletal patterns and anterior open bites (AOB) could provide useful genetic information with the probability of expression. However, caution has to be exercised as malocclusion is multifactorial and with global migrations miscegenation is increasing with leading to genetic dilution so to speak. b. Heat sensitive Scans Moss has shown heat sensitive scans can be utilized to determine the "hot spots" of growth particularly following Orthodontic intervention 79 . This is a simple non-invasive investigation albeit costly. c. Image Fusion The latest of combining various investigations for a holistic evaluation process has been aptly described as "Image fusion" 105 assisting in facial triad analysis ( namely soft tissues, skeletal basis and dentition) . The aim of this amalgamation is to recreate a virtual head for treatment planning, long term follow up and documentation. Moreover, it may provide a realistic prediction model in the future. d. MRI MRI ( Magnetic Resonance Imaging) although radiation free is a costly investigation, with implication for time and quality of life ( unbearably loud at the moment) . MRI usage is limited in Orthodontics needs to be justified and avoided when possible. Previous work 3 has affirmed that lower face height and masseter muscle thickness have inverse correlation. Generally, the increased lower face height individuals will present with classic cephalometric characteristics such as large gonial angles, steep mandibular planes and reduced posterior face height. The masseter muscle cross-section has been measured with MRI's and found to be significantly smaller by nearly 30% in the dolichofacial types 3 .
A recent study has compared volume of masseter muscle derived from MRI with vertical facial dimensions and found volume to be more relevant than cross-sectional area 106 . Moreover, the posterior face height was significantly correlated to masseter muscle volume. Although, MRI has shown high resolution for TMJ scans 107 it needs to refine to a small field of view 108 for acceptance as an investigation tool. e. Videofluoroscopy Even though not entirely radiation free Videofluoroscopy is showing promising results in the investigation of Obstructive Sleep Apnoea ( OSA) 109 . There is the issue for 2D instead of 3D as found in CBVT scans, perhaps image fusion would add to its limitations. f. Videos Increasingly videos are being recorded to provide a real time assessment on Orthodontic patient smiles, speech and expressions which were not possible with static shots in repose and unnatural smiles. Many of the softwares for diagnosis and data storage are adding video as an important tab to achieve patient motions.
Conclusion
Even though the findings from this study are not clinically applicable it has highlighted the importance of finding cost effective and non-invasive methods of investigations for www.intechopen.com
Orthodontic case assessment. There is now a fast moving trend towards 3D imaging and indeed the lateral cephalometric may phase out in years ahead.
In orthodontics there is a strong association between form and function 110 . This has been studied extensively and proved with strong correlation that exists between the soft tissue and underlying osseous foundation. However, there are not many studies from the soft tissue perspective, particularly, the muscles of mastication including the masseter. There is definitely scope for US for assessment of masseter muscle in real-time. This has been documented widely in the literature with masseter muscle thickness demonstrating differences in posterior crossbite cases and their relationship to TMDs 5, 54, 111, 112 . But there is concern that some findings can be controversial and others produce non-conclusive results. For example, some studies 113 found the crossbite side had thinner masseter muscle. Obviously, 3D US is superior in function and would be better for oro-facial applications 94 provided it is cost-effective. One can also anticipate the rapid advancement in technology and 4D US may well be the future for diagnosis and treatment evaluation. Our understanding of malocclusion has come a long way but it is multidimensional, multifaceted and highly variable and needs to be analyzed from several different perspectives. The emphasis is shifting from static, radiation-based investigations which are a snap shot in time to dynamic real-time recordings of soft tissue function. The fourth dimension in combination with conventional diagnostic tools could provide a comprehensive single diagnostic package that would not only assist in complete records diagnosis and evaluation but provide predictions for future expected changes.
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